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<;3;< ?10S1(!T))*N%+!0)+N,).!@0>*! 9"11)*),(! 1))9",4! *)4"/)%! +)*)! )%('F3"%$)96! ',9! )'=$! (*)'(/),(! $'9! ($*))!*).3"='()%!P#'F3)!R:TW:!#$)!1))9",4!*)4"/)%!9"11)*)9!",!(5.)!01!3"H)!1))9!",!($)!1"*%(!RS[RQ!9.$:!#$)!9),%"(5!01!($)!1))9!0*4',"%/%!",!($)!(',<%!+'%!T:R!/"33"0,!TSS!^[T:!#$)!3'*H')!($'(!*)=)"H)9!($)!?0.).09!(*)'(/),(!+)*)!1)9!/1$-#0$!#,2*$!,'>.3""!'(!%('4)!7DK6!+$"=$!"%!)B>"H'3),(!(0!($)!%"f)!01!($)!*0("1)*%!P3-$1.0,2)*!04"-01)*W!P?'5/',!(5.)W!PO),43'%)!"#!
$%&6! RSTS]! A3H)*! "#! $%&6! RSTTW! ($'(!+)*)! 1)9! (0! 3'*H')! *)=)"H",4! ($)! L0(&Z! ',9! L0(?$3!(*)'(/),(:! #$)! 3'*H')! ($'(! *)=)"H)9! ($)! L0(&Z! (*)'(/),(!+)*)! 1)9! *0("1)*%! ($'(!+)*)!
! ! =1-)0N1(.!1%*!,)-O&*.!
! TU!
cSS6!C<*)((",4!AC6!70*+'5W!+)*)! 9"%(*"F>()9! ",(0! ($)! =09! *)'*",4! (',<%! F5! '! 1))9",4! *0F0(! PC(0*H"<! 'B>'! AC6!70*+'5W:!#$)!=09!3'*H')!+)*)!1)9!/-#"+0$!%.:! 10>*!("/)%!'!9'56!',9!($)!9*5!1))9!PTS!4!(',<[T!9'5[TW!+'%! 1)9! (0! ($)! 1"%$! 10>*! ("/)%!',!$0>*! 10*!R`!$0>*%!'!9'5:!A!.'%()!01! ($)!4*)),! '34')!@$22,1.%,-,G*0*! ,11)%$#$! PL))9! &'*"=>3(>*)! D,=:6! 8CAW! +'%! '99)9! (0! ($)!(',<%!c!("/)%!'!9'5!PR!/4!?!^[TW!PL)"(',!"#!$%&6!TVVcW!!9>*",4!($)!3"H)!1))9!.)*"09:!#$)*)!+'%!'!+)',",4!.)*"09!F)(+)),!)'=$!(*',%"("0,!",!1))9!(5.)!P#'F3)!R:TW:!
! ! ! ! ! ! "#$%&'#()!#*+!,%$-.+)!
! "#!
/#0(%!1234!$%&'()*'+,-.!.-/01,!20(!,3'!4,-(,52''6)+7!02!8069!)+8.16)+7!,3'!201(!6)22'('+,!2''6)+7!('7)*'4:!;3'!,-<.'!)+8.16'4!=3'+!4-*&.)+7!-+6!8.'-+)+7!=-4!'%'81,'69!-+6!6)4&.-/4!,3'!7(-61-.!)+8('-4'!)+!=-,'(!'%83-+7'!-+6!,'*&'(-,1(':!
!
/#0(%!1214!;3'!2(-8,)0+!02!(0,)2'(4!-+6!80&'&064!41&&.)'6!)+!,3'!>0&!?!,('-,*'+,:!
56-! 7! 8! 9! :! ;! 3<! 33!
=.6%6.+!>!"#$%&'(?!>@?! "@@!! "@@!! "@@!! "@@!! A?!! B@!! AB!!
A.$'B%&!>)"#*+,-*./'?!>@?! @!! @!! @!! @!! BC!! D@!! BD!!
July
Date 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 1
Do 6 12 18 24 31 38 46 54 63 72 82 92 103 114 126 138 150 162 174 186 198 210 222 234 246 258 270 282 294 306 318 330 342 354 366 378 390 402 414 426
Dph 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 60
Sampling X X X X X X X X X X
Cleaning X X X X X X X X X X X X X X X X X X X X X X
Water exchange day-1 2 2 2 2 2 2 3 3 3 3 4 4 4 4 4 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8 8 8 8 8 8
Temperature (oC) 6 6 6 6 7 7 8 8 9 9 10 10 11 11 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Acartia tonsa (Rhodomonas baltica) Dry feed (Gemma micro)
Artemia sp. (Multigain)
Brachionus ibericus (Chlorella sp.)
Artemia sp. (Multigain)
Artemia sp. (Multigain)
Artemia sp. (Multigain)
Dry feed (Gemma micro)
Dry feed (Gemma micro)
Brachionus ibericus (Chlorella sp., Multigain)
Acartia tonsa (R.baltica) Brachionus ibericus (Chlorella sp., Multigain) Dry feed (Gemma micro)
Treatment
3 x Copepod
3 x RotMG
3 x RotChl
3 x Cop 7
May June
! ! "#$%&'#()!#*+!,%$-.+)!
! "#!
/0/ 1'2%!3%%+!4&.+56$'.*!!
/0/07 "'6&.#(8#%!$%&! '()*+,-.,&! !"#$#%#&'() *'+,-.'! /)-+0&! 1234! 56#"! )*789%+8%7)&,:!87*&0+'+0,;,-&<=! >,<! )?-9(@,9&;A! ,0;! ?<&;! ,<! B&&;! B+*! 9%&! )+8&8+;! )?-9?*&! //.'0,-')
µ'=A!V&)W',0!G+?-9&*!20)CA!XN4=A!8O!@,-?&<!/'&,<?*&;!>(9%!,!8O6'3D'&9&*A!S$S!8O!H"5(A!Y&*',07=!>&*&!%&-;! ,9! QC5DPCH! /B*+'!;(-?9&;! 9+! )+0)&09*,9&;! )?-9?*&=! ,0;! 9%&! )?-9?*&!>,<!,&*,9&;!>(9%!"DE!R!GMEC!$%&!)?-9?*&<!>&*&!.*+>0!>(9%!)+09(0?+?<!-(.%9A!,0;!&,)%!)7-(0;&*!>,<!(--?'(0,9&;!J7!<(Z!B-?+*&<)&09!9?J&<![!5P!S6PLF!B*+'!9%*&&!<(;&<!+B!&,)%!)7-(0;&*C!
/0/0/ 9.4%4.+)!\..<!+B!9%&!)+8&8+;!/.'0,-'),#&(')],0,)/)-+0&!]^OC4$"=!>&*&!)+--&)9&;!B+*!%,9)%(0.!+B!0,?8-((!9%,9!>,<!B&;!9+!9%&!)+;!-,*@,&C!$%&!/.'0,-'),#&(')>,<!)?-9(@,9&;!(0!<&,>,9&*!/HL!889=!(0!+0&!"FFF!I!9,0W!,0;!+0&!"KFF!I!9,0W!,9!EF+GA!,0;!>&*&!B&;!!"#$#%#&'()*'+,-.')
`'!'&<%!/9+!.&9! *(;!+B!>,<9&=! ,0;! 9%&0! 9%*+?.%!,!KL!`'!'&<%!>%&*&! 9%&7!>&*&! )+0)&09*,9&;! ,0;!>,<%&;!?09(-!9%&!)+-+?*!9?*0&;!;,*W!J-?&!,<!,0!(0;(),9+*!+B!,!)-&,0!<,'8-&C!$%&7!>&*&!9*,0<B&**&;!9+!,!55!'I!\,<7^-,<W<$T!/1?0)!46NA!]&0',*W=!>(9%!<&,>,9&*!/HL!889=!,0;!
! ! "#$%&'#()!#*+!,%$-.+)!
! EF!
<9+*&;!,9!E!+G!>(9%!>,9&*!&Z)%,0.&!&@&*7!EDH!>&&W<C!20!&,)%!J,9)%!+B!&..<!9%&!%,9)%(0.!<?))&<<!>,<!9&<9&;!/488&0;(Z!E=C!$%&!<9+*&;!)+8&8+;<!&..<!>&*&!%,9)%&;A!,0;!9%&!0,?8-((!>&*&!?<&;!,<!-(@&!B&&;!B+*!9%&!)+;! -,*@,&C!$%&!)+8&8+;!&..<!>%&*&!%,9)%&;!>(9%!,!;&0<(97!+B!"5F!&..<!'ID"! (0!"FF!I!9,0W<! >(9%! ,! B-,9! J+99+'A! ,0;! (0! 9%&! <,'&! )+0;(9(+0<! ,<! 9%&! ,;?-9! (0;(@(;?,-<A! &Z)&89!9%&*&!>&*&!0+!)+09(0?+?<!B-+>!9%*+?.%!,0;!<-(.%9-7!'+*&!,&*,9(+0C!"DE!I!+B!!"#$#%#&'()
*'+,-.'!>,<! ,;;&;! 9+! 9%&! 9,0W<! 9+! 9*(..&*! %,9)%(0.C! ^*+'!H! 9+! K! ;8%! 9%&! 0,?8-((!>&*&!9*,0<B&**&;!,0;!B?*9%&*!)?-9(@,9&;! (0!HFF!I!9,0W<!>(9%!,!)+0&!J+99+'A!)+09(0?+?<! B-+>!9%*+?.%! /"FF!R!&Z)%,0.&!;,7D"=A! ,0;! ,&*,9(+0! B*+'! 9%&!J+99+'C!$%&!0,?8-((!>&*&! B&;!
!"#$#%#&'()*'+,-.'!/HF!FFF!)&--<!'ID"=!?09(-!9%&7!%,;!*&,)%&;!,!-&0.9%!+B!"PF!`'!/123=C!M0! 9%&! ;,7! J&B+*&! B&&;(0.! 9%&! 0,?8-((! 9+! 9%&! B(<%! -,*@,&! 9%&7! >&*&! )+?09&;! >(9%! ,0!,?9+',9()!)+?09&*!/4-@&*)2,)'+3A!EFFQ=!9+!&0<?*&!)+**&)9!%,*@&<9(0.!@+-?'&C!$%&!*&a?(*&;!,'+?09! +B! 0,?8-((!>,<! 8?'8&;! +?9! +B! 9%&! 9,0W! ,0;! )+0)&09*,9&;!>(9%! ,! KL! `'! <(&@&!J&B+*&!J&(0.!B&;!9+!9%&!B(<%!-,*@,&C!
/0/0: ;.$'3%&)!bc,8,0=A!,0;!9%&!,'+?09!+B! B&&;! /ECL! 'I! 5"+#02++'! <8C! '(--(+0! *+9(B&*D"=! ,;;&;! 9+! 9%&! B&&;(0.! )+09,(0&*<! >,<!),-)?-,9&;!B*+'!9%&!;&0<(97!+B!*+9(B&*<!(0!9%&!9,0WC!$%&! *+9(B&*<! ?<&;! B+*! B&&;(0.! 9%&! )+;! -,*@,&! 9%,9! *&)&(@&;! 9%&! b+9G%-! 9*&,9'&09! >,<!)+--&)9&;! ;(*&)9-7! B*+'! 9%&! )?-9(@,9(+0! 9,0W<A! *(0<&;A! ,0;! ;(<9*(J?9&;! (0! 9%&! )+;! -,*@,-!*&,*(0.! 9,0W<C! $%&! *+9(B&*<! ?<&;! B+*! B&&;(0.! +B! 9%&! )+;! -,*@,&! *&)&(@(0.! 9%&! b+9TY!9*&,9'&09!,0;!9%&!G+8!Q!9*&,9'&09!>&*&!<%+*9D9('&!&0*()%&;!>(9%!T?-9(.,(0!/V(+T,*!4NA!1+*>,7=!/FCE!.!'(--(+0!*+9(B&*D"=!(0!,!<&8,*,9&!9,0W!>(9%!,!;&0<(97!-&<<!9%,0!LFF!*+9(B&*<!'ID"A!B+*!9>+!%+?*<C!$%&!*+9(B&*<!>&*&!*(0<&;!J&B+*&!J&(0.!;(<9*(J?9&;!(0!9%&!)+;!-,*@,-!*&,*(0.!9,0W<C!
! ! "#$%&'#()!#*+!,%$-.+)!
! E"!
/0/0< !"#$%&'!)40!
/0,2%-') 60'&.-(.'&'! /\Yd! 213\! 4a
/0: 1#&2#(!8&.=$-!
eEA!T&99-&*D$+-&;+!20)CA!XN4=C!$%&!),*J+0!)+09&09!/µ.!G!-,*@,D"=!'&,<?*&;!+0!-,*@,&!<,'8-&;!,9!EA!5A!PA!"LA!,0;!"#!;8%!>,<!'?-9(8-(&;!>(9%!,!B,)9+*!+B!ECHLA!J,<&;!+0!9%&!,@&*,.&!),*J+0!)+09&09!+B!B(<%!-,*@,&A!9+!+J9,(0!9%&!)+;!-,*@,-!;*7!>&(.%9!/b&(9,0)2,)'+3A!"##H=C!]*7!>&(.%9!+B!-,*@,&!<,'8-&;!,9!HHA! LF! ,0;!KF!;8%!>,<!+J9,(0&;!;(*&)9-7!J7!>&(.%(0.C!$%&! <8&)(B()! .*+>9%! *,9&! /NYb=!>,<!),-)?-,9&;!J7!9%&!&a?,9(+0!,))+*;(0.!9+!fgh*<@(W!2,)'+3!/EFFL=:!! ! ! ! 78!9)+&):;,<;=><,)) ! ! ! ! ! /EC"=!>%&*&!SF!(<!9%&!(0(9(,-!;*7!>&(.%9!,0;!S9!(<!9%&!;*7!>&(.%9!,B9&*!9('&!9C!^?*9%&*A!9%&!;,(-7!>&(.%9! (0)*&,<&! /R=! /]S2=! >,<! ),-)?-,9&;! B+*! &,)%! ;*7! >&(.%9! <,'8-(0.! (09&*@,-A!,))+*;(0.!9+!fgh*<@(W!2,)'+3!/EFFL=:!! ! ! ! ?)@;A9):278!BC>DC==?! ! ! ! ! /ECE=!
! ! "#$%&'#()!#*+!,%$-.+)!
! EE!
iQC5A! I&(),! T()*+<7<9&'<A! Y&*',07=A! ,9! ',.0(B(),9(+0<! "CE5A! ECFF! ,0;! 5CFF!,;g?<9&;!9+!9%&!<(U&!+B!9%&!-,*@,&C!$%&!@,-?&<!>&*&!<&9!,9!9%&!0&,*&<9!FCF5!''C!
!
D'85&%! /07E! N)%&',9()! ;*,>(0.! +B! ,! )+;! -,*@,&! ,9! 9%&! +0<&9! +B! &Z+.&0+?<! B&&;(0.A! <%+>(0.! >%&*&! 9%&!8+(09<!+B!'&,<?*(0.!<9,0;,*;!-&0.9%!/NI=!,0;!'7+9+'&!%&(.%9!/TO=!,*&!<&9!/Y,--+>,7)2,)'+3A!"###=C!
/0:0: @5&2'2#(!N?*@(@,-!>,<!'&,<?*&;!>%&0!)-&,0(0.!9%&!9,0W<!B*+'!HP!;8%!9+!KF!;8%!/$,J-&!EC"=A!,0;!;&,;! B(<%! -,*@,&! (0! 9%&! >,<9&>,9&*! >,<! )+?09&;! ,0;! *&.(<9&*&;C! I,*@,&! <?*@(@,-! >,<!),-)?-,9&;!B*+'!9%&!(0(9(,-!0?'J&*!+B!%,9)%&;!&..<!,0;!B*+'!9%&!0?'J&*!+B!-,*@,&!,9!KF!;8%A!,0;!>,<!)+**&)9&;!B+*!<,'8-(0.C!
/0< C')$.(.8'6#(!#*#(?)%)!^(@&!-,*@,&!B*+'!L!;8%!,0;!B(@&!-,*@,&!B*+'!&,)%!9*&,9'&09!,9!"#!;8%!>&*&!B(Z&;!(0!EC5!R!8,*,B+*',-;&%7;&!,0;!EC5!R!.-?9,*;(,-;&%7;&!(0!FCFPT!),)+;7-()!J?BB&*!/Y,--+>,7)2,)
'+3A! "##P=! /488&0;(Z! "=! ,0;! <9+*&;! (0! .-,<<! @(,-<! (0! ,! )+-;! *++'C! $%&! -,*@,&! >&*&!&'J&;;&;! (0! \_M1! /488&0;(Z! H=A! ,0;! 9%&0! )?9! (0! "! µ'! 9%()W! <&)9(+0<! B+*! B?*9%&*!,0,-7<&<! (0! -(.%9! '()*+<)+8&A! ,0;! (0! QF! 0'! 9%()W! <&)9(+0<! B+*! B?*9%&*! ,0,-7<&<! (0!9*,0<'(<<(+0! &-&)9*+0! '()*+<)+8&A! >(9%! ,0! I&(),! b()%&*9! X-9*,)?9! '()*+9+'&! /I&(),!T()*+<7<9&'<A!Y&*',07=!/V+UU+-,A!b?<<&-A!"##E=!/<&)9(+0(0.!8&*B+*'&;!J7!$+*,!V,*;,-A!1$1X=C!$%&!-,*@,&!>&*&!)?9!(0!9%*&&!;(BB&*&09!<&)9(+0<!/^(.?*&!ECE=j!+0&!B+*!,0,-7<&<!+B!9%&!-(@&*!/-(@&*!<&)9(+0=A!+0&!B+*!,0,-7<&<!+B!9%&!B+*&.?9!/$"!<&)9(+0=A!,0;!+0&!B+*!,0,-7<&<!+B!9%&!'(;.?9!/$E!<&)9(+0=C!
! ! "#$%&'#()!#*+!,%$-.+)!
! EH!
!
!
D'85&%!/0/E!N)%&',9()!;*,>(0.!/'+;(B(&;!B*+'!+*(.(0,-=!+B!,!)+;!-,*@,&!,9!9%&!+0<&9!+B!&Z+.&0+?<!B&&;(0.!/Y,--+>,7)2,)'+3A!"###=A!<%+>(0.!>%&*&!9%&!<&)9(+0<!>%&*&!)?9!B+*!%(<9+-+.(),-!,0,-7<&<!+0!9%&!-(@&*!,0;!.?9C!!
/0<07 1'8-$!,'6&.)6.4%!$%&! <&)9(+0<! >&*&! <9,(0&;! >(9%! $+-?(;(0&! V-?&! ,0;! V,<()! ^?)%<(0! /488&0;(Z! L=! ,0;!<9?;(&;!>(9%!,!i&(<<!4Z(+<W+8!E!8-?<!'()*+<)+8&!/i&(<<!20)CA!Y&*',07=!&a?(88&;!>(9%!,!c3G!$fDG"HP"!)+-+*!@(;&+!),'&*,!/c3GA!c,8,0=C!$%&!<&)9(+0<!>%&*&!,0,-7<&;!)+0<&)?9(@&!>(9%!9%&!<9&*&+-+.(),-!,0,-7<(<!8*+.*,'!G4N$!E!/M-7'8?<!20)CA!]&0',*W=C!!$%&!>%+-&!)*+<<!<&)9(+0!+B!9%&!-(@&*!,0;!.?9!>,<!?<&;!9+!a?,09(9,9(@&-7!'&,<?*&!<?*B,)&!,*&,!+B!9%&<&!<&)9(+0<A!%&8,9+)79&!,*&,!<(U&!,0;!&09&*+)79&!,*&,!<(U&!(0!G4N$!EC!$%&!)&--!,*&,!<(U&<!>&*&!),-)?-,9&;!;(*&)9-7!B*+'!9%&!0?'J&*!+B!0?)-&(!;(@(;&;!+0!9%&!,*&,!+B!9%&!+*.,0C!
/0<0/ F&#*),'))'.*!%(%6$&.*!,'6&.)6.4%!$%&!<&)9(+0!>&*&!)+09*,<9&;!>(9%!-&,;!)(9*,9&!/488&0;(Z!5=!,0;!+J<&*@&;!(0!,!c&+-!c\TD"F""!9*,0<'(<<(+0!&-&)9*+0!'()*+<)+8&!/c&+-!I$]CA! c,8,0=!,9!,0!,))&-&*,9(0.!@+-9,.&!,9!PF! W3C! $%&! 8%+9+<! 9,W&0! B*+'! 9%&! 9*,0<'(<<(+0! &-&)9*+0! '()*+<)+8&! >,<! B?*9%&*!,0,-7<&;!>(9%! 9%&!<9&*&+-+.(),-!,0,-7<(<!8*+.*,'!G4N$!E! /M-7'8?<! 20)CA!]&0',*W=! B+*!a?,09(9,9(@&!'&,<?*&'&09<C!20!G4N$!E!,!8+(09!.*(;!>,<!-+),9&;!+0!,--!+B!9%&!8%+9+<!/Z5!FFF!',.0(B(),9(+0=!9,W&0!B*+'!9%&!-(@&*!,0;!(09&<9(0&C!M0!&,)%!8%+9+!9%&*&!>&*&!,;;&;!<(Z! )+?09(0.! B*,'&<! &0<?*(0.! 9%,9! 9%&*&!>,<! QE! 8+(09! 8&*! )+?09(0.! B*,'&! 9+! )+@&*! ,0!,;&a?,9&!,*&,!/J,<&;!+0!8*&@(+?<!9&<9<!/S+-;A!1$1XA!8&*<C!)+'C=C!\,)%!8+(09!'&,<?*&;!,! .(@&0! ,*&,A! ,0;! 9%&! 9+9,-! ,*&,! )+@&*&;! J7! '(9+)%+0;*(,A! 0?)-&?<! ,0;! .-7)+.&0! >,<!'&,<?*&;C!$%&!'&,<?*&'&09<!>&*&!J,<&;!+0!9%&!,'+?09!+B!+*.,0&--&<!;(<8-,7&;!(0!9%&!*,0;+'-7!<&-&)9&;!8%+9+<!B*+'!9%&!<&)9(+0<C!$%(<!.,@&!,!9>+D;('&0<(+0,-!a?,09(B(),9(+0A!,0;!B*,)9(+0<!+B!,*&,!>&*&!),-)?-,9&;!/Y?0;&*<&0)2,)'+3A!"#PP=C!k?,-(9,9(@&!<9?;(&<!+B!9%&!
! ! "#$%&'#()!#*+!,%$-.+)!
! EL!
)&--! <9*?)9?*&A! ,0;! &<8&)(,--7! 9%&!'(9+)%+0;*(,-! <9*?)9?*&! ,0;! ,88&,*,0)&A! >&*&! ;+0&!>(9%!&-&)9*+0!'()*+<)+8()!8%+9+<!9,W&0!>(9%!Z"F!FFF!',.0(B(),9(+0C!
/0G @$#$')$'6#(!#*#(?)')!4--!;,9,!8*&<&09&;!,<!8&*)&09,.&!>&*&!9*,0<B+*'&;!9+!,*)!<(0&!@,-?&<!J&B+*&!<9,9(<9(),-!9&<9(0.! >,<! 8&*B+*'&;C! 1+*',-(97! >,<! 9&<9&;! >(9%! ,! N%,8(*+DS(-WD9&<9! /_lFCF5=C! $%&!;,9,!>&*&! B?*9%&*!9&<9&;! B+*!%+'+.&0&(97!+B!@,*(,0)&!?<(0.!,!I&@&0&!9&<9!/_lFCF5=C!$+!)+'8,*&!'&,0<!9%&!;,9,!>,<!9&<9&;!?<(0.!,!+0&D>,7!41M34!/_lFCF5=!B+--+>&;!J7!9%&!8+<9D%+)D9&<9<!]?00&99!$H! 9&<9!,0;! 9%&!N9?;&09D1&>',0Df&?-<D$&<9! B+*!)+'8,*(<+0!+B!9%&!;(BB&*&09! 9*&,9'&09<C!G+**&-,9(+0<!>&*&! 9&<9&;!J7!?<(0.! -(0&,*! *&.*&<<(+0!,0,-7<&<A!,0;!>(9%! 9%&!_&,*<+0! )+**&-,9(+0! 9&<9! /_lFCF5! ,0;!_lFCF"=C! ^+*! 9%&!;,9,! 9%,9!>,<!0+9!0+*',--7! ;(<9*(J?9&;A! 9%&! 0+0D8,*,'&9*()! f*?<W,-DS,--(<D9&<9! >,<! ,88-(&;! /_lFCF5=C!N9,0;,*;!&**+*!/N\=!>,<!),-)?-,9&;!B+*!,--!;,9,!9%,9!%,;!*&8-(),9&<A!,0;!(<!(--?<9*,9&;!J7!&**+*! J,*<! (0! B(.?*&<C! 4--! B(.?*&<A! 9,J-&<! ,0;! <9,9(<9(),-! ,0,-7<&<! 9%,9! ,*&! 8*&<&09&;! ,<!*&<?-9<!>&*&!8&*B+*'&;!>(9%!9%&!<+B9>,*&!_4NS!N9,9(<9()<!"PCF!B+*!T,)!MN!e!/N_NN!20)C!XN4=C!!
! ! ;%)5($)!
! E5!
: ;%)5($)!
:07 1#&2#(!8&.=$-H!)5&2'2#(!#*+!6-#&#6$%&')$'6)!
:0707 >&?!=%'8-$!4-*&,;7!,9!P!;8%!9%&!-,*@,&!B&;!)+8&8+;<!%,;!<(.0(B(),09-7!%(.%&*!;*7!>&(.%9!/Q"CK±ECQ!
µ.! -,*@,D"! B+*! 9%&!G+8&8+;! 9*&,9'&09!,0;!QFCQ±EC5!µb+9TY!,0;! 9%&!b+9G%-! 9*&,9'&09C!O+>&@&*A! 9%&! -,*@,&! B*+'! 9%&!G+8&8+;! 9*&,9'&09!;(;! 0+9! %,@&! <?)%! ,! <-+>;+>0A! ,0;! )+09(0?&;! 9+! (0)*&,<&! (9<! >&(.%9! 9%+*+?.%! 9%(<!8&*(+;C!49! KF! ;8%! 9%&! -,*@,&! B*+'! 9%&! )+8&8+;! 9*&,9'&09! /EECEQ±"CLL! '.! -,*@,D"=! %,;!<(.0(B(),09-7! %(.%&*! ;*7!>&(.%9! 9%,0! 9%&! +9%&*! -,*@,&A! ,0;! 9%&! -,*@,&! B*+'! 9%&! b+9G%-!9*&,9'&09!/""C#P±FCKQ!'.!-,*@,D"=!%,;!<(.0(B(),09-7!-+>&*!;*7!>&(.%9!9%,0!9%&!)+8&8+;DB&;! -,*@,&C!]*7!>&(.%9! +B! -,*@,&! B*+'! 9%&!b+9TY! 9*&,9'&09!;(;!0+9!;(BB&*! <(.0(B(),09-7!B*+'!9%&!b+9G%-!9*&,9'&09!+*!9%&!G+8!Q!9*&,9'&09!,9!KF!;8%A!,0;!9%&!;*7!>&(.%9!+B!9%&!-,*@,&! B*+'! 9%&! G+8! Q! 9*&,9'&09! >&*&! <+'&>%,9! (0! J&9>&&0! 9%&! b+9G%-! ,0;! 9%&!G+8&8+;!9*&,9'&09!/^(.?*&!HCE=C!!!!
! ! ;%)5($)!
! EK!
!
D'85&%!:07E!T&,0!;*7!>&(.%9!/'.!-,*@,D"=!B+*!9%&!B+?*!;(BB&*&09!9*&,9'&09<!(0!9%&!*+9(B&*6)+8&8+;!-(@&!B&&;!8&*(+;!+B!EF!;,7<!/0m#D"E=!/7D,Z(<!8*&<&09&;! (0! -+.,*(9%'()!<),-&=C!$%&!;,<%&;! -(0&!;&0+9&<! 9%&!<9,*9!+B!B&&;(0.! >(9%! /0,2%-') <8C! $%&! -&99&*<! (0;(),9&<! <(.0(B(),09! ;(BB&*&0)&<! ,9! PA! "L! ,0;! "#! ;8%C! \**+*! J,*<!(0;(),9&!±!N\C!$%&!;*7!>&(.%9!;,9,!>(9%!<9,0;,*;!&**+*!,*&!8*&<&09&;!(0!$,J-&!4C"!488&0;(Z!KC!!
!
D'85&%!:0/E!T&,0!;*7!>&(.%9!/'.!-,*@,D"=!B+*!9%&!>%+-&!<9,*9DB&&;(0.!8&*(+;!+B!KF!;,7<!/0m#D5F=!/7D,Z(<!8*&<&09&;!(0!-+.,*(9%'()!<),-&=C!$%&!;,<%&;!-(0&!;&0+9&<!9%&!<9,*9!+B!B&&;(0.!>(9%!/0,2%-')<8C!$%&!;+99&;!-(0&!;&0+9&<!9%&!<9,*9!+B!9%&!;*7DB&&;!8&*(+;C!$%&!-&99&*<!(0;(),9&<!<(.0(B(),09!;(BB&*&0)&<!,9!KF!;8%C!\**+*!J,*<!(0;(),9&!±!N\C!$%&!;*7!>&(.%9!;,9,!>(9%!<9,0;,*;!&**+*!,*&!8*&<&09&;!(0!$,J-&!4C"!488&0;(Z!KC!!
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! ! ;%)5($)!
! EQ!
:070/ >#'(?!=%'8-$!'*6&%#)%!A>IJB!]S2!>,<!0&.,9(@&!;?*(0.!9%&!B(*<9!;,7<!8*(+*!9+!&Z+.&0+?<!B&&;(0.!;?&!9+!,J<+*89(+0!+B!7+-WC! N(.0(B(),09! ;(BB&*&0)&<! (0! ]S2! J&9>&&0! 9%&! 9*&,9'&09<! >&*&! B+?0;! (0! 9%&!*+9(B&*6)+8&8+;!8&*(+;!/5D"#!;8%=!,0;!(0!9%&!>&,0(0.!8&*(+;!B*+'!-(@&D!9+!;*7DB&&;!/HHDLF!;8%=A!>(9%!9%&!)+8&8+;!9*&,9'&09!/"FCP±FC"!R!,9!5D"#!;8%A!,0;!"FCP±FC5!R!,9!HHDLF!;8%! /$,J-&! 4CE! 488&0;(Z! Q==! %,@(0.! ,! <(.0(B(),09-7! %(.%&*! ]S2! 9%,0! 9%&! +9%&*! 9%*&&!.*+?8<!(0!9%&<&!8&*(+;<!/^(.?*&!HCH=C!$%&!]S2!<%+>&;!,!;&)*&,<&!,9!HHDLF!;8%!/>&,0(0.!B*+'! /0,2%-') <8C) 9+! ;*7! B&&;=! B+*! 9%&! -,*@,&! B*+'! 9%&! b+9G%-A! b+9TY! ,0;! G+8! Q!9*&,9'&09<A!>%&0! )+'8,*&;! 9+! 9%&!+9%&*!]S2! (09&*@,-<C! $%(<!>,<!0+9! 9%&! ),<&! B+*! 9%&!-,*@,&! B*+'! 9%&! G+8&8+;! 9*&,9'&09A!>%()%! %,;!',(09,(0&;! (9<! ]S2! ,9! 9%(<! 8+(09C! $%&!]S2! B+*! 9%&! >%+-&! <9,*9DB&&;(0.! 8&*(+;! /EDKF! ;8%=! >,<! ""CF±FCE!R! B+*! 9%&! G+8&8+;!9*&,9'&09A! "FCH±FCE!R! B+*! 9%&! G+8! Q! 9*&,9'&09A! #CP±FCE!R! B+*! 9%&! b+9TY! ,0;! B+*! 9%&!b+9G%-! 9*&,9'&09! /$,J-&! 4C"! 488&0;(Z! Q=A! >%&*&! 9%&! G+8&8+;! 9*&,9'&09! %,;!<(.0(B(),09-7! %(.%&*! 9+9,-! ]S2! 9%,0! 9%&! 9%*&&! +9%&*! 9*&,9'&09<! /^(.?*&! HCH=C! $%(<!;&'+0<9*,9&<! 9%,9! 9%&! -,*@,&! %,;! %(.%&*! >&(.%9! (0)*&,<&! >%&0! J&(0.! B&;! )+8&8+;<!&Z)-?<(@&-7! B+*!9%&!B(*<9!EF!;8%A!,0;!9%,9!9%(<!,;@,0)&!)+09(0?&;!9%*+?.%+?9!9%&!>%+-&!<9,*9DB&&;(0.!8&*(+;C!
!
D'85&%!:0:E! !],(-7!>&(.%9!(0)*&,<&!/]S2!/R==!B+*!9%&!)+;!-,*@,&!;?*(0.!9%&!>%+-&!<9,*9DB&&;(0.!8&*(+;!+B!KF!;,7<!<8-(9!(09+!B(@&!(09&*@,-<!,))+*;(0.!9+!<,'8-(0.!;,7<!/0m#D5F=A!,0;!+0&!B+*!9%&!>%+-&!8&*(+;C!I&99&*<!(0;(),9&! <(.0(B(),09! ;(BB&*&0)&<! J&9>&&0! 9*&,9'&09<C! \**+*! J,*<! (0;(),9&! ±! N\C! ],9,<&9! +B! ]S2! >(9%!<9,0;,*;!&**+*!(<!8*&<&09&;!(0!$,J-&!4CE!488&0;(Z!QC!
! ! ;%)5($)!
! EP!
:070: @$#*+#&+!(%*8$-!A@1B!#*+!,?.$.,%!-%'8-$!A"CB!$%&*&! >&*&! <(.0(B(),09! ;(BB&*&0)&<! (0! J+9%! NI! ,0;! TO! J&9>&&0! 9%&! 9*&,9'&09<! ,9! ,--!<,'8-(0.!;,7<!/^(.?*&!HCL=C!$%&!-,*@,&!B*+'!9%&!G+8&8+;!9*&,9'&09!<%+>&;!<(.0(B(),09-7!%(.%&*!NI!,0;!TO!9%,0!9%&!-,*@,&!9%,9!*&)&(@&;!9%&!+9%&*!9*&,9'&09<!,9!,--!;,7<A!&Z)&89!+0!;,7!HH!>%&*&!NI!+B! -,*@,&!B*+'!9%&!G+8!Q!9*&,9'&09!/#CL5±FC"L!''=!;(;!0+9!;(BB&*!<(.0(B(),09-7! B*+'! NI! +B! -,*@,&! B*+'! 9%&! G+8&8+;! 9*&,9'&09! /#C#L±FC"Q!''=C! $%&!TO!@,-?&<!>&*&!<(.0(B(),09-7!%(.%&*!,9!,--!;,7<!B+*!9%&!-,*@,&!B*+'!9%&!G+8&8+;!9*&,9'&09C!49! 9%&! &0;! +B! 9%&! &Z8&*('&09! 9%&! -,*@,&! B*+'! 9%&! G+8! Q! 9*&,9'&09! %,;! <(.0(B(),09-7!%(.%&*! NI! 9%,0! 9%&! -,*@,&! B*+'! 9%&! b+9TY! ,0;! 9%&! b+9G%-! 9*&,9'&09A! J?9! <9(--! %,;!<(.0(B(),09-7! -+>&*! NI! 9%,0! 9%&! -,*@,&! B*+'! 9%&! G+8&8+;! 9*&,9'&09C! $%&! 9>+! *+9(B&*!9*&,9'&09<!>&*&! ,'+0.! 9%+<&! 9*&,9'&09<!>(9%! -+>&<9! NI! ,0;!TO! @,-?&<! 9%*+?.%! 9%&!>%+-&!<9,*9DB&&;(0.!8&*(+;C!! ! ! !!!
!
D'85&%!:0<E!4=!T&,<?*&;!<9,0;,*;! -&0.9%! /NI=!,9!L!;8%A!"#!;8%A!HH!;8%A!HP!;8%!,0;!KF!;8%! /0m!5DL5=C!I&99&*<! (0;(),9&! <(.0(B(),09! ;(BB&*&0)&<! J&9>&&0! 9*&,9'&09<! +0! &,)%! ;,7C! V=!T&,<?*&;!'7+9+'&! %&(.%9!/TO=! ,9! L! ;8%A! "#! ;8%A! HH! ;8%A! HP! ;8%! ,0;! KF! ;8%! /0m5DL5=C! I&99&*<! (0;(),9&! <(.0(B(),09! ;(BB&*&0)&<!J&9>&&0!9*&,9'&09<!+0!&,)%!;,7C!\**+*!J,*<!(0;(),9&!±!N\C!!
:070< K'8,%*$#$'.*!](BB&*&0)&<! (0! 8(.'&09,9(+0!>&*&! +J<&*@&;! J&9>&&0! 9%&! 9*&,9'&09<! ;?*(0.! 9%&! <9,*9DB&&;(0.! &Z8&*('&09C! $%&! -,*@,&! B*+'! 9%&! G+8&8+;! 9*&,9'&09! >&*&! .&0&*,--7! '+*&!8(.'&09&;!9%,0!9%&! -,*@,&! B*+'!9%&!+9%&*!9*&,9'&09<A!,0;!9%&!)+8&8+;DB&;! -,*@,&!,-<+!%,;!,!'+*&!7&--+>!9(09C!$%&!-,*@,&!B*+'!9%&!b+9G%-!9*&,9'&09!>&*&A!)+'8,*&;!9+!-,*@,&!B*+'!9%&!+9%&*!9*&,9'&09<A!-&<<!8(.'&09&;C!
L!
!
M!
! ! ;%)5($)!
! E#!
:070G @5&2'2#(!49!HP!;8%! 9%&!G+8&8+;! 9*&,9'&09!%,;!<(.0(B(),09-7!'+*&!<?*@(@+*<! /HE±"!R=! 9%,0! 9%&!+9%&*!9%*&&!9*&,9'&09<C!O+>&@&*A!9%(<!;(BB&*&0)&!>,<!0+!-+0.&*!<(.0(B(),09!,9!L5!;8%A!J?9!9%&!;(BB&*&0)&!%,;! (0)*&,<&;!,9!KF!;8%!>%&*&! 9%&!G+8&8+;! 9*&,9'&09! /EF±E!R=!,.,(0!%,;! <(.0(B(),09-7! '+*&! <?*@(@+*<! 9%,0! 9%&! +9%&*! 9*&,9'&09<! /$,J-&! HC"=C! $%&! b+9TY!9*&,9'&09!,0;!b+9G%-! 9*&,9'&09! <%+>&;!a?(9&! <('(-,*!0?'J&*<!,0;! 9*&0;<! (0! <?*@(@,-!9%*+?.%+?9!9%&!>%+-&!&Z8&*('&09A!>(9%!*&<8&)9(@&-7!""±"!R!B+*!b+9TY!,0;!"F±E!R!B+*!b+9G%-!,9!KF!;8%C!$%&!G+8!Q!9*&,9'&09!%,;!,!<?*@(@,-!+B!"L±H!R!,9!KF!;8%C!!
F#N(%!:07E!T&,0!<?*@(@,-!/R=!±!N\!+B!&,)%!9*&,9'&09!,9!HPA!L5!,0;!KF!;8%!/0mH=C!I&99&*<!;&0+9&!<(.0(B(),09!;(BB&*&0)&<C!],9,!B+*!;,(-7!'&,<?*&;!<?*@(@,-!B*+'!HP!9+!KF!;8%!(<!8*&<&09&;!(0!$,J-&!4CH!488&0;(Z!PC!
>4-!
F&%#$,%*$! HP! L5! KF!
9.4%4.+! HE!±!"#! EH!±!E! EF!±!E#!
9.4!O! EE!±!LN! "P!±!L! "L!±!HN!
;.$"P! "K!±!FN! "H!±!"! ""!±!"N!
!
"%#*!
)5&2'2#(!AQB!± !@R!
;.$9-(! "5!±!EN! "H!±!E! "F!±!EN!!
!!!!!!!!!!!!!
! ! ;%)5($)!
! HF!
b=!>,<!'+*&!,J?0;,09!,0;!;(<9(0)9!,9!"#!;8%!9%,0!,9!L!;8%C!49!"#!;8%!(0)(;&09<!+B!?0;&B(0&;!,0;!(09&*;(.(9,9&;!)*(<9,&!>&*&!B+?0;!(0!9%&! $E! <&)9(+0<! (0! -,*@,&! B*+'! 9%&! b+9G%-! 9*&,9'&09! /^(.?*&! HC5! \=C! 3&*7! B&>! -(8(;!;*+8-&9<!>&*&!+J<&*@&;! (0! 9%&! (09&<9(0,-! 9(<<?&A!,0;!>&*&!0+9!a?,09(B(&;!<(0)&!0+! -(8(;!;*+8-&9<!>&*&!)+@&*&;!J7!9%&!)+?09(0.!B*,'&!(0!G4N$!EC!!!!!!!!!!!!!!!
! ! ;%)5($)!
! H"!
!
!

!<!+4-!F/!
<!+4-!F7!
S5!
,!
,!
,!
,!
,!
,!
,!
'!
S5!
S5!
,!
! ! ;%)5($)!
! HE!
!
!
D'85&%! :0G! ME! $*,0<'(<<(+0! &-&)9*+0! '()*+<)+87! 8%+9+<! 9%,9! <%+>! 9%&! .&0&*,-! ,88&,*,0)&! +B! 9%&!(09&<9(0,-!9(<<?&!(0!9%&!$"!,0;!9%&!$E!<&)9(+0<!B*+'!-,*@,&!B*+'!9%&!G+8&8+;!9*&,9'&09!,9!"#!;8%C!1?)-&(!/1?=A! '(9+)%+0;*(,! /'=A! &0;+8-,<'()! *&9()?-?'! /\b=! ,0;! '()*+@(--(! /'(=! ,*&! ;(<8-,7&;! +0! 9%&! 8%+9+<C!^(.?*&!)+09(0?&<!+0!88C!HHDH5C! !
!9.4%4.+!F/!
!9.4%4.+!F7!
,!
,!
,!
S5!
R;!
,!
,! ,!
,!
S5!
\b!
,'!
! ! ;%)5($)!
! HH!
!
!
D'85&%! :0G! 9E! $*,0<'(<<(+0! &-&)9*+0! '()*+<)+87! 8%+9+<! 9%,9! <%+>! 9%&! .&0&*,-! ,88&,*,0)&! +B! 9%&!(09&<9(0,-!9(<<?&!(0!9%&!$"!,0;!9%&!$E!<&)9(+0<!B*+'!-,*@,&!B*+'!9%&!G+8Q!9*&,9'&09!,9!"#!;8%C!1?)-&(!/1?=A!'(9+)%+0;*(,!/'=A!,0;!&0;+8-,<'()!*&9()?-?'!/\b=!,*&!;(<8-,7&;!+0!9%&!8%+9+<C!^(.?*&!)+09(0?&<!+0!88C!HLDH5C! !
9TK!O!F/!
9TK!O!F7!
,!
,!
,!
,!
,!
S5!
R;!
,!
1?!
R;!
! ! ;%)5($)!
! HL!
!
!
D'85&%! :0G! >E! $*,0<'(<<(+0! &-&)9*+0! '()*+<)+87! 8%+9+<! 9%,9! <%+>! 9%&! .&0&*,-! ,88&,*,0)&! +B! 9%&!(09&<9(0,-! 9(<<?&! (0! 9%&!$"!,0;! 9%&!$E!<&)9(+0<! B*+'! -,*@,&! B*+'!9%&!b+9TY!9*&,9'&09!,9!"#!;8%C!1?)-&(!/1?=A!'(9+)%+0;*(,!/'=A!,0;!&0;+8-,<'()!*&9()?-?'!/\b=!,*&!;(<8-,7&;!+0!9%&!8%+9+<C!^(.?*&!)+09(0?&<!+0!8C!H5C! !
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Mean
Standard 
Error of 
Mean Total N Mean
Standard 
Error of 
Mean Total N Mean
Standard 
Error of 
Mean Total N
4 dph 7.0 .2 2 13.6 1.7 2 79.5 1.8 2
RotChl 11.7 1.1 5 12.3 2.6 5 76.0 2.0 5
RotMG 10.0 .8 5 10.2 1.7 5 79.8 1.6 5
Cop 7 11.7 1.5 5 15.7 2.0 5 72.7 1.6 5
Copepod 9.5 .9 5 14.6 3.2 5 75.9 2.4 5
Treatment
Surface area fraction of 
mitochondria (%) Surface area fraction of nuclei (%)
Surface area fraction of other 
cell components (%)
Mean
Standard 
Error of 
Mean Total N Mean
Standard 
Error of 
Mean Total N Mean
Standard 
Error of 
Mean Total N
4 dph 6.5 1.3 5 17.0 2.7 5 76.5 2.8 5
RotChl 10.2 1.2 5 11.0 .9 5 78.8 1.2 5
RotMG 9.6 1.2 5 6.4 1.7 5 84.0 2.4 5
Cop 7 10.5 2.3 5 9.2 1.0 5 80.3 1.8 5
Copepod 9.2 1.9 5 5.5 1.0 5 85.3 1.8 5
Treatment
Surface area fraction of 
mitochondria (%) Surface area fraction of nuclei (%)
Surface area fraction of other cell 
components (%)
Mean
Standard 
Error of 
Mean Total N Mean
Standard 
Error of 
Mean Total N Mean
Standard 
Error of 
Mean Total N Mean
Standard 
Error of 
Mean Total N
4 dph 0 0 5 13.0 1.6 5 11.7 1.4 5 75.4 2.7 5
RotChl 26.3 4.1 5 16.3 1.0 5 7.4 1.1 5 51.0 4.0 5
RotMG 17.4 1.8 5 14.2 1.0 5 9.5 .8 5 58.9 2.3 5
Cop 7 13.1 3.6 5 16.0 1.4 5 10.9 1.0 5 60.0 2.8 5
Copepod 2.2 1.4 5 15.6 1.2 5 7.6 1.5 5 74.6 3.6 5
Treatment
Sufrace area fraction of 
glycogen (%)
Surface area fraction of 
mitochondria (%)
Surface area fraction of 
nuclei (%)
Surface area fraction of other 
cell components (%)
